Coagulase-negative staphylococci isolated from patients with endocarditis were divided according to whether the infection was of native or of prosthetic valves and was acquired either in the community or in hospital. Comparisons were made with strains from intravenous line-associated bacteraemias. All strains were examined by direct and indirect adherence tests. Line-associated bacteraemia strains were more likely to produce slime and were more hydrophilic but were less likely to attach HEp2 tissue culture cells than were endocarditis strains, and almost equally likely to adhere to plastic and extracellular matrix proteins. Amongst the endocarditis strains, there was little difference in slime production but hospital-acquired or prosthetic-valve strains were more hydrophobic and more likely to adhere to silicone than were the native-valve or community-acquired strains. Exposure of extracellular matrix proteins on native valves due to a pre-existing non-infective heart condition may account for the selection of strains able to adhere to fibronectin or laminin.
Introduction
Coagulase-negative staphylococci (CNS) belonging to the normal human skin flora cause a wide range of hospital-acquired infections with increasing mortality and morbidity. Originally considered to be clinically insignificant contaminants in clinical specimens, in recent years, CNS have become recognised increasingly as important agents of hospital acquired infecti0n.l" They are essentially opportunists, in that infections are nearly always associated with abnormal circumstances, especially the presence of a " foreign " medical device such as an intravascular catheter or prosthesis.
CNS may be associated with infective endocarditis, a major cause of morbidity and mortality among certain groups of patients. These groups include individuals with a pre-existing cardiac valve lesion (e.g., rheumatic or congenital heart disease), those who have intracardiac prosthetic devices, or those who are intravenous drug abusers. However, for some forms of infective endocarditis, infection may occur in persons with no previous history of cardiac damage or s~rgery.~ carditis (PVE). Native valve isolates comprised 75 O h of the community-acquired, but only 15% of the hospital-acquired, strains. The isolates were selected from the collection held in the Microbiology Department, St Thomas' Hospital, London (n = 4 9 , or were donated by Dr J. Richardson, Central Public Health Laboratory, Colindale, London (n = 6), and by Dr V. Thamdrup Rosdahl, Statens Seruminstitut, Copenhagen, Denmark (n=45). A group of 16 isolates from inpatients with line-associated bacteraemias (LAB) associated with intravenous catheters collected at St Thomas' Hospital, London, were used for comparison.
Struin characteristics
Organisms were grown at 37°C on Blood Agar or Blood Agar Base (Unipath, Basingstoke, Hants), and stored at 4°C for up to 6 weeks. Unless otherwise stated, all isolates were cultured on blood agar base and incubated at 37°C for 18-20 h before use. The susceptibility of organisms to antibiotics was tested by the disk diffusion method with disks containing penicillin 10 pg, tetracycline 30 pg, erythromycin 15 p g , clindamycin 2 p g , gentamicin 10 pg or mupirocin 5 pg. The plates were then incubated at 37°C for 18-20 h. All isolates from the St Thomas' Hospital collection were speciated by the ATB 32 Staph Ident system (bioMerieux, Basingstoke). The remaining strains had been speciated in the national reference laboratories that donated them.
The plasmid content of the organisms was determined by a modification of the method of Wilson et a1. 6 Briefly, cell walls were digested with lysozyme and lysostaphin, and the resulting protoplasts were lysed gently with Brij-58 to release the plasmid DNA. Purified samples were then precipitated and separated on agarose 0.8 % horizontal slab gels at 30 V for 18 h in Tris-borate-EDTA buffer, with Escherichia coli V517 extract as the mol. wt marker.
Cell-protein profiles
Protein extracts were prepared by a modification of the method of Pierre et al.' Bacteria were suspended in 100 pl of Tris-HC1 (pH 6.8) and 10 p1 of lysostaphin solution, and incubated at 37°C for about 15 min until digestion was complete. PAGE extraction buffer containing SDS and mercaptoethanol was added and the samples were heated to 95"-100"C for 5-10min. Whole cell extracts were then separated in polyacrylamide 10% gels in a BioRad mini protean 11 system (BioRad, Heme1 Hempstead) at 200V for 45-60 min. Low mol. wt standards (Pharmacia, St Albans, Herts) were run simultaneously. Proteins were stained with Coomassie Brilliant Blue R250.
Cell-surface proteins were extracted by a modified lithium chloride method.8 Bacteria (c. 1 g wet weight) were extracted in 1.5 ml of lithium chloride (pH 5) at 37°C overnight. The crude extract was then centrifuged at 42000 rpm at 4°C for 60 min and the supernate was supplemented with phenyl methyl sulphonyl fluoride, and stored at -20°C until run on a gel, under the same conditions as for whole cell extracts.
Immunoblotting of lithium chloride extracts was performed by the method in the Midget multiblot equipment manual (Pharmacia), modified to suit the horseradish peroxidase (HRP) kit obtained from BioRad. Separate antisera were raised in rabbits against strains of S. epidermidis and S. haemolyticus from patients undergoing continuous ambulatory peritoneal dialysis (CAPD),g and the sera were mixed to produce more discriminatory results. A biotinylated mol. wt marker (BioRad) was used as standard. This was detected with a streptavidin-HRP conjugate added at the same time as the goat anti-rabbit IgG (H+L)-HRP conjugate used to detect the antigens in the samples.
Measurement of hydrophobicity
Bacterial cell hydrophobicity was determined by salting out according to the method of Lindahl et a1.l' Bacterial cells from agar-grown cultures were suspended in phosphate-buffered saline (PBS), pH 7.2, and diluted to lo8 cells/ml; the suspensions were mixed with equal volumes of ammonium sulphate solutions of varying molarities on glass slides and observed for aggregation at room temperature for 1 min. The lowest molarity at which aggregation occurred was taken to be the numeric hydrophobic value of the isolate. Breakpoints of 0.2 and 1.8 M were designated according to Ljungh et a l l 1 below and above which organisms were classified as hydrophobic and hydrophilic, respectively.
Slime production
The ability to produce slime was determined by the Congo red agar method.12 Each isolate was inoculated on to blood agar base supplemented with Congo red 0 8 g/L and sucrose 50 g/L and incubated at 37°C for 24 h, then left at room temperature for a further 48 h. Slime producers were recognised as black colonies with a dry crystalline consistency. Non-producers appeared pink-white and an intermediate result was indicated by dark pink-red colonies without a dry crystalline consistency .
Adherence to plastics
Binding to plastic surfaces was investigated by a method based on that of Christensen et all3 A log phase culture of the isolate was inoculated into tryptone soya broth in the wells of a polystyrene microtitration tray (Falcon I11 plate ; Becton-Dickinson) and incubated overnight at 37°C. The contents of the tray were then discarded and the tray was washed five times with PBS and fixed with formaldehyde 25 % before being stained with crystal violet. Results were obtained both visually and spectrophotometrically at 540 nm.
Adherence to silicone rubber was investigated by a modification of the above method.14 Briefly, a 5-mm disk of silicone sheeting (Mastic; Dow Corning, Reading, Berks) was cut and placed in the bottom of the well of a microtitration tray. The assay was then performed as above. Results were read by removing the silicone disk, placing it on the lid of the tray and then reading spectrophotometrically by reflectance as well as visually.
Adherence to epithelial cells
HEp2 cells were grown as a monolayer on the surface of a coverslip. Overnight bacterial growth was removed from the surface of a plate, washed in PBS and resuspended in 10 ml of PBS (c. lo9 cells/ml). The transport medium was removed from the monolayer and 0.5 ml of bacterial suspension was added. The coverslip was then incubated at 37°C for 3 h, the fluid was removed and the monolayer was washed three times in PBS and fixed with formaldehyde.
The coverslip was mounted on a glass slide with DPX-mountant and left to dry before Gram's staining. The epithelial cells could then be viewed microscopically and bacterial adherence graded as positive, negative or intermediate by comparison with control cultures.
Binding to lectins
Fibronectin, vitronectin, laminin or collagen type I were prepared for binding experiments according to the methods of Naidu et al. 15 Briefly, latex beads (0.8 pm) were incubated and shaken with 100 pg of matrix protein overnight at 37"C, then washed and resuspended in thiomersal and albumin to ensure that all available binding sites on the beads were coated, and kept at 4°C until used.
Bacteria were harvested and washed in potassium phosphate buffer (pH 6.8) and resuspended to c. lolo cell/ml. The agglutination reaction was performed on glass slides by mixing equal volumes of bacterial suspension and coated beads. Clumping was observed after 2 min and scored as high (+ + + or + +) or low ( + or -) by comparison with control cultures. All isolates were tested for auto-agglutination in phosphate buffer. The salt aggregation test and particle agglutination assay have been found to be reproducible by ourselves and others. 15 
Statistical analysis
Analysis was by the x2 test.
Results

Character is tics of strains
Staphylococcal species and sources of isolation are shown in table I. On the basis of antibiogram, plasmid profile, source and date of isolation, there were no multiple isolates from any patient although multiple strains were isolated from some patients with successive episodes of endocarditis. There were insufficient strains of species other than S. epidermidis to permit separate analysis.
The majority of community-acquired strains were susceptible to all antibiotics tested. Hospital-acquired strains showed a higher frequency of resistance to the antibiotics tested, especially penicillin. Resistant organisms tended to be multi-resistant. When split according to disease types, a moderate percentage of native-valve strains were resistant to penicillin and tetracycline. Many prosthetic-valve strains were resistant to penicillin and tetracycline and more were resistant to erythromycin and clindamycin than in other groups. However, since a majority of prostheticvalve strains were Danish in origin, the increased incidence of resistance to a certain antibiotic may be a reflection of current Danish patterns of resistance. Line-associated bacteraemia strains, which were hospital-acquired, had resistance profiles similar to the hospital-acquired endocarditis strains. The number of fully susceptible isolates was lower in this group.
More of the hospital-associated strains (56 YO) contained plasmids compared with communityacquired strains (28 %). Only 36 YO of native-valve strains contained plasmids, compared with 56 YO of prosthetic-valve and 69 YO of line-associated strains.
There was no common sized plasmid which might be related to adherence.
Cell-protein projiles
The protein profiles of S. epidermidis strains from all the groups were indistinguishable, the profiles containing too many bands to be able to differentiate strains below species level (data not shown). Ex-1 Slim. slime production : Hydr, hydrophobicity; Poly, adherence to polystyrene; Mi, adherence to silicone; HEp2, adherence to HEp2 tissue culture cells; Fn. adherence to fibrinogen; Ln, adherence to laminin; CnI, adherence to collagen I ; Vn, adherence to vitronectin.
traction of proteins with lithium chloride produced against S . epidermidis and S . haemolyticus from CAPD profiles with fewer bands. No differences were visible was not complete. However, it appeared that between community-and hospital-acquired strains.
community-acquired and native-valve strains were However, there was an additional or denser band at very similar to each other and different from hospitalc. 70 kDa in prosthetic-valve strains (data not shown).
acquired and prosthetic-valve strains (data not Immunoblotting of samples with antibodies raised shown). * Two strains were auto-agglutinable.
Slime production, hydrophobicity and adherence
Slime production was significantly more frequent k2 = 3-7, p < 0.05) amongst line-associated bacteraemia strains compared with all endocarditis strains (figure). Hydrophobicity and adherence to HEp2 cells were significantly more frequent among endocarditis strains k2 = 42.8, p < 0.0005 and x2 = 5.1, p < 0.025, respectively). However, the endocarditis strains were not homogeneous and further differences could be seen. Community and hospital strains gave very similar results for slime production as did native-and prosthetic-valve strains (see table 11 ). More lineassociated strains produced slime than any of the endocarditis groups and this difference was statistically significant but only for LAB versus HAE k2 = 3.6, p < 0.05) and LAB versus PVE k2 = 3.4, p < 0.05).
Community-acquired strains were less hydrophobic than hospital-acquired strains, having a smaller percentage of strains with an HI value of < 0.2 but this difference does not reach statistical significance (table  11) . Native-valve stasains were significantly less often hydrophobic than prosthetic-valve strains k2 = 4.06, p < 0-05). None of the line-associated strains was hydrophobic ( e g , LAB versus CAE x2 = 6.48, p < 0.025; LAB versus NVE x2 = 6-79, p < 0.01). Table I1 shows that all the groups of organisms had very similar frequencies of adherence to polystyrene.
Adherence to plastic
Experiments on adhesion to a silicone disk produced slightly different results. The organisms could be separated both by source and disease with hospitalacquired and prosthetic-valve strains adhering more frequently than the other strains, although this was statistically significant only for CAE versus HAE k2 = 6.3, p < 0.025).
SpeciJic adherence assays
More community-acquired strains adhered to HEp2 cells than did hospital-acquired strains, which showed a larger percentage of intermediate adherence (see  table 111 ). This difference was also apparent between prosthetic-and native-valve strains with native-valve strains adhering to a greater extent, although the difference was less pronounced. More endocarditis strains from all groups adhered better than the lineassociated strains, reaching statistical significance for CAE versus LAB k2 = 5.47, p < 0.025) and NVE versus LAB k2 = 5.5, p < 0.025).
In general, community-acquired strains bound fibronectin and laminin more frequently than did hospital-acquired strains, although the latter bound more frequently to vitronectin. Differences in binding between native-and prosthetic-valve strains were less pronounced whilst the binding of line-associated strains approximated to the mean of the endocarditis strains, except for poor adhesion to vitronectin. Differences that reached statistical significance were as follows : fibronectin-none ; laminin-CAE versus HAE xp = 10-7, p < 0-005, LAB t'erszis HAE x2 = 4-6, p < 0-05; collagen type I-NVE i'ersus PVE x2 = 3.9, p < 0-05. The figures for vitronectin were too small to reach statistical significance.
Discussion
The staphylococcal species and antibiograms were broadly those anticipated from published studies2' with more antibiotic resistance being seen amongst the hospital strains. Relatively few strains possessed plasmids and those that did had no common band that might have been related to adherence. This agrees with previous studies that indicated a high percentage of plasmid-bearing strains amongst patients with prosthetic-valve endocarditis although no common patterns have a~peared.~*-'~ Although an adherence plasmid has been described in staphylococci,*j this has not been confirmed. In this series, plasmid carriage was more common in strains from Denmark but this may simply reflect the current epidemiology of strains there.
Whole-cell protein patterns were species specific, agreeing with published reports. 26 Immunoblotting with rabbit antisera also indicated differences between the groups of strains. Cell-surface protein profiles, which, with fewer bands, were easier to analyse, indicated that a 70-kDa band was present in prosthetic-valve strains which was absent or reduced in native-valve strains. A protein band of this size has been associated with binding to vitronectin in S. aureu?' but, in this series of CNS strains, binding was fairly evenly distributed amongst prosthetic-and native-valve strains.
The reference coagulase-positive and coagulasenegative strains were used to define positive and negative responses as described by ourselves and others.Y 28 :j0
The ability to adhere to host tissue or prostheses is a prerequisite for infection. Several in-vitro measures of adherence have been proposed and these can be divided into the specific and non-specific. Specific methods include adherence to tissue culture cells and binding to extracellular matrix proteins, whilst the non-specific methods range from production of a glycocalyx, " slime", through hydrophobicity to adherence to laboratory plastics. The ability of CNS to produce slime was first described by Bayston and Penny3' and was later associated specifically with adherence to intravenous catheters and prostheses. In recent years it has become evident that a high percentage of CNS isolates from catheters are characterised phenotypically by the ability to produce slime32 but the chief problem has been the absence of an efficient method of assay. Culture on Congo red agar was relatively easy to read objectively and was more reproducible. However, the results were paradoxical in that more native-valve strains produced slime than did prosthetic-valve strains, although pro-portionately fewer than in line-associated strains, suggesting that slime production may have more than one function in endocarditis. The importance of slime production in vivo is difficult to determine, but the ability of S . epidermidis strains to produce slime in ritro was not found to affect the outcome of vancomycin treatment in an experimental catheterinduced endocarditis in rabbits. 33 The evidence suggesting that hydrophobicity is important in the adherence of CNS is not conclusive and different measurements of hydrophobicity may give conflicting results.34 Nevertheless, it is curious that although about half of the endocarditis strains were hydrophobic, all of the line-associated strains were hydrophilic, a result that must reflect differences in their cell-wall structure.
Adherence to plastics has the merit of being easy to measure objectively by spectr~photometryl~ although appropriate plastics are rarely used. In this study, adherence to polystyrene and to silicone rubber, as used in catheter manufacture, were similar but not identical. Adherence to silicone was significantly greater for hospital-than community-acquired strains, whilst on polystyrene adherence was equal. Published studies have shown that adherence of CNS to catheters in vivo is associated with the presence of micro-colonies embedded in an amorphous It is worth noting that catheters and prostheses in situ rapidly become coated with plasma proteins, so that adherence and micro-colony formation in vivo may be related to adherence to extracellular proteins as well as adherence to plastics per 36 Tissue culture cells offer a more realistic model for adherence, although ideally the cells available should be of the same type as the original host cells. In the study reported here, the human epithelial cell line, HEp2, clearly separated the endocarditis strains from the line-associated strains. Furthermore, more community-acquired and native-valve strains adhered well than did hospital-acquired and prosthetic-valve strains although the differences were not significant. In a study of S. aureus binding to porcine cardiac valve cells3' it was found that binding to endothelial and subendothelial cells was mediated by different proteins ; for subendothelial cells, this protein was most probably fibronectin.
Fibronectin and vitronectin are present in plasma and on cell surfaces, whereas laminin is an intrinsic component of basement membranes, the extracellular matrices found at the boundary between cells and connective tissue, but these proteins, together with fibrinogen, may act in vitro as adhesins for CNS on catheter^.^' The extracellular matrix protein binding assay used in this study has been shown to be highly reproducible and reliable,15 although the results generated were complex. The communi ty-acquired strains were more likely to bind to laminin than were hospital-acquired strains, but the reverse was true for vitronectin. In traumatised tissues, basement membrane proteins are exposed38 as would occur during non-bacterial thrombotic endocarditis and it may account for the selection of strains with lamininbinding ability in CAE and NVE. Adherence of the endocarditis strains to collagen type I was comparatively poor, but since this protein is a major component of connective tissue in skin, bone and tendon, it is less likely to exert a selective influence on organisms in the bloodstream.
In conclusion, this study has revealed some differences between strains of staphylococci isolated from cases of endocarditis and those from intravenous line-associated bacteraemias. Endocarditis strains were found to be more likely to adhere to tissue culture cells, were more often hydrophobic, and were less likely to produce slime than line-associated strains. Endocardi tis strains from prost hetic-valve or hospital-
